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High production agricultural systems require large inputs of fertilizers and pesticides to 
increase yields.  In the Midwest USA, corn growth and yields may be affected by periodic 
saturation due to oxygen deficiency in the rhizosphere of waterlogged soils, resulting in root 
injury and some cell death.  The objective of this study was to examine the effects of soil surface 
application of FGD gypsum and foliar application of a commercial form of the herbicide 
glyphosate on soil nutrient speciation and nutrient uptake by corn under different drainage 
conditions: free drainage and a perched water table.  An experiment was designed in order to 
evaluate the changes in solubility of soil nutrients and redox sensitive nutrients, in a soil 
subjected to a perched water table.  Four different treatments were evaluated under two different 
drainage conditions: a) freely drained, and b) perched water table.  Treatments applied included: 
1) control, 2) FGD gypsum, 3) glyphosate, and 4) FGD gypsum+glyphosate.  The soil used was 
the silty clay loam A horizon of a Toronto-Millbrook complex.  Three replicates of each 
treatment were conducted in 7.5-liter buckets filled with 7.75 kg of soil with a bulk density of 
approximately 1.1 g cm-3.  Buckets for perched water table conditions were adapted with a 
copper brass nipple at the bottom for controlling the water table, and additionally, four platinum-
copper redox sensors (two at 7 cm and two at 12 cm below the soil surface), and a ceramic cup 
covered with a septum for soil solution sampling 9 cm below the soil surface were added to 
allow monitoring of redox potential and to collect water samples.  Gypsum was surface applied 
after planting at a rate of 1000 kg ha-1 and Roundup Weather-MAX was foliar applied at growth 
stage V-3 at a rate of 2.338 L ha-1.  Following herbicide application, the water table was held 
constant at -5 cm below the soil surface for the rest of the experiment.  Soil solution samples 
were collected at 1, 3, 8, 16 and 25 days after saturation.  At day 25, plants were cut, roots were 
washed and stored for measurement, and soil samples were taken for further analyses. 
No measured or visual effects were observed due to the foliar glyphosate applications.  
Plants in pots in which gypsum was surface applied demonstrated better root development, 
especially those under perched water table conditions.  Roots managed to remain active and 
survived under the perched water table level.  This may have been physiological due to a more 
developed root system or due to soil solution chemical reactions, possibly due to more Ca which 
may have precipitated dissolved CO2.  The soil chemistry was mainly affected by the water 
regime.  Eh values decreased in all pots under perched water table conditions, however, Eh 
measurement variability was considerable in this experiment and the presence of roots in the 
rhizosphere was one of the main causes, because roots are able to translocate oxygen and to 
create channels thus allowing O2 diffusion.  The cation exchange capacity in soils subjected to 
saturation decreased, and exchangeable K and Na increased.  Increases in DTPA-extracted 
micronutrients were detected, possibly due to a concomitant effect of reducing conditions and 
root exudates on oxide dissolution.  These increases did not reflect in shoot plant tissue 
micronutrient contents for treatments in perched water table soils.  Denitrification in the soil and 
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a low N content in plant tissue were found in the perched water table soils regardless of 
treatment.  Also regardless of the treatment, mercury (Hg) concentrations in plant tissues were 
increased about ten times due to the reducing conditions. Hg bioavailability increased in soils 
subjected to a perched water table (Table 1).  This affect was much greater than any non-
statistical difference observed for the treatments and indicates the addition of FGD gypsum had 
no effect on increasing plant Hg uptake.   
As reducing conditions prevailed in the soil profiles, sequential reduction reactions 
occurred; however, variability in Eh and its heterogeneity in the soil and root presence in the 
rhizosphere played an important role in introducing great variability in soil solution 
measurements.  The results of this research help indicate ways to prevent macro and 
micronutrient losses in perched water table soils, as well as to prevent plant deficiencies and 
improve best management practices to ameliorate the adverse impact of agricultural production 
systems on water quality. 
 
Table 1.  Mercury concentrations in dry plant tissue. 
Drainage Condition Treatment Hg (ppm) 
 Control 4.57 b* 
 Gypsum 3.75 b 
Freely Drained Glyphosate 6.43 b 
 Gypsum+Glyphosate 4.13 b 
 Control 55.9 a 
 Gypsum 61.9 a 
Perched Water Table Glyphosate 62.0 a 
 Gypsum+Glyphosate 64.5 a 
*Means followed by the same letter are not significantly different using Tukey’s multiple comparison test at P = 0.01. 
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